Résumé. 2014 Dans ce travail nous présentons la théorie de la diffusion de Raman sur les électrons liés aux donneurs neutres dans les semiconducteurs avec une bande interdite directe, quand la fréquence du photon incident est en résonance avec l'exciton. La section efficace de diffusion du polariton avec transition de l'électron de l'état fondamental au premier état excité a été calculée.
scattering processes in semiconductors were investigated both theoretically and experimentally by many authors. In the case of the scattering on a gas of mobile carriers (electrons or holes) there may be the scattering with the single particle excitation or the scattering on collective excitations in this gas. The scattering processes of this type were studied widely by Platzman, Tzoar, Wolff et al. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] . The interband scattering processes, in which the initial and final states of electrons or holes belong to different energy bands, were studied in many works [14] [15] [16] [17] . The initial and final states of the charge carriers may be also their bound states in the Coulomb field of the donor or acceptor ions. In this case we have the scattering on the impurity levels [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] . The role of different extemal electromagnetic fields on the electronic Raman scattering processes was also studied in details [28] [29] [30] [31] . Recently Weisbuch and Ulbrich have investigated experimentally the resonant electronic Raman scattering on neutral donor levels at the energy of the incoming photon near that of the exciton [32] . The present work is devoted to the theoretical investigation of the resonant electronic Raman scattering on neutral donor levels in a two band semiconductor with the direct band gap and the allowed electrical dipole transition from the valence to the conduction band. In the case of the material with a very low concentration of donors the electron-hole pair can exist in their bound states -the excitons.
Due to the virtual transition between the photons and the excitons there arises in the semiconductor a new kind of elementary excitations -the polaritons or more precisely the excitonic polaritons discovered by Hopfield [33] and Pekar [34] and studied further in many works [35] [36] [37] [38] [39] [40] [41] [42] . As in the case of the resonant Raman scattering, at the photon energy near that of the exciton the polariton effect becomes very important. The polariton theory of the resonant Raman scattering was developed by Mills, Burstein et al. [43] and also by Bendow and Birman [44] .
In the present work we apply the method of Bendow and Birman [44] to the study of the resonant electronic Raman scattering on the neutral donor levels at the energy of the incoming or outgoing photon near that of an exciton. We assume that the semiconductor has a direct band gap with the allowed electrical dipole transition and consider only the case of the material with a high purity, when the donor concentration is very small. In this case there will be no screening of the Coulomb interaction between the electrons and the holes, the excitons will exist, and therefore the polariton effect must be taken into account. We shall use the unit system with h = c = 1.
2. Electromagnetic interaction and polariton scattering. - In this work for simplicity we shall consider the photon in a definite polarization state and denote by a(k) the destruction operator for the photon with the momentum k and the energy w(k). Due to the electromagnetic interaction this photon can be transformed into différent bound states Exv(k); v = 1, 2, 3, ... of the electron -hole pair -the excitons. Denote by b,(k) the destruction operators for the exciton in the states Exv(k) with the momentum k and the energy E,(k), and by gv(k) the effective coupling constants of the transition between the photon and the excitons Exv(k). After diagonalizing the Hamiltonian of the exciton-photon system we obtain the explicit expression for the destruction operators Cx(k) of the polaritons n,,(k) [41] Here the index a denotes the branch of the polariton whose energy Q(I. (k) figure 2a and figure 2b, [45] . From eq. (4) = gîslEls s the gap in the polariton energy spectrum. If the energy of the incoming polariton is smaller than £ls, then there is only the polariton in the first (lower) branch oc = 1, and the total crosssection (24) equals the cross-section aii. For the incoming polariton energies in the range from El, S + d to E1s S + l5 + A6 there is only the polariton of the second (upper) branch a = 2 in the incoming polariton beam, but the final polariton must belong to the first (lower) branch ; in this case the total cross-section equals a 21' Finally, at the incoming polariton energies larger than E1s + l5 + A8 both initial and final polaritons belong to the second (upper) branch a = a' = 2 and we have the cross-section (J22. Due to the presence of the factor which vanishes at the values of the polariton momentum such that the energy of the incoming polariton equals E1s, E1s S + £5 and E ls S + £5 + LBE, in the denominator of the expression (21) of the cross-section, the latter diverges at these values of the incoming polariton energy. The curve in figure 5 represents the behaviour of the total cross-section (24) as a function of the difference between the incoming polariton energy and that of the dispersionless Is-exciton. The relative contributions of the scattering mechanisms corresponding to the processes (II), (III) and (IV) to the polariton scattering matrix element for N = ls and N' = 2s are represented by the curves in figure 6 .
If the dispersion of the exciton is not negligible, then there exist the energy intervals where two polaritons from two different branches have the same energy. This case also can be considered, as it was done in reference [44] . (5), (6) , (8) and (10) . These matrix elements are nonzero for any momenta k and k' of the incoming and outgoing photons, which are related one with another by the energy conservation law It is straightforward to modify our results to apply to the case of the scattering on free electrons. In this case the (free) electron wave functions in the p-space are the b-functions q and q' being the momenta of the initial and final electrons. Substituting the expressions (34) for the wave functions into the r.h.s. of eqs. (7), (9), (16)- (20), we obtain the expressions for the scattering matrix elements proportional to the ô-function which means that the total momentum is conserved.
Third, from the behaviour of the curves in figure 6 it follows that in the resonance region the exciton-photon mixing is very essential, and the polariton effect is important. In particular, at the energy range the amplitude of the scattering of the light is determined completely in terms of the exciton-electron scattering amplitude. For the light with the frequency w = Q such that the mixing between the photon and the exciton is weak, and the scattering of the bare photons (process (II)) is the most important mechanism contributing to the matrix element of the Raman scattering of the polaritons. In order to evaluate the role of the polariton effect we compare the scattering crosssection calculated above for the polaritons with that for the bare photons (see Fig. 5 ).
